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A wind-tunnel
characteristicsof

EXJMMARY

investigationhasbeencarried
anexternal-flowjet-au@nented

outtodeterminethe
slottedtlapwhich

appearssuitableforapplicationtoairplaneswithpod-mountedjet
engines.Theinvestigationincludedtestsofanunsweptwingandof a. modelofa swept-wingjettransportorbcmiber.Compressedairjets
exhaustingfromnozzlesattachedtothelowersurfaceofthewingswere
usedto simulatethejetsfrompod-mountedjetengines.9

Theexternal-flowjet-aqnted flapproducedvaluesofcirculation
liftlargeenoughtowarrantseriousconsiderationof itsusefor
increasingthemaximumliftcoefficientsofairplaneswithpod-maunted
jetengines.Theresultsindicatedthatstaticlongitudinalstability
andtrtiup to a liftcoefficientofat least6 couldbe achievedwitha
jettransportarbomberairplaneeqyippedwitha jet-augm=ntedflapand
hatinga horizontal-tailareaequalto25percentof thewingarea. In
ordertoachievethisresult,itwasnecessaryto locatethehorizontal
tailina positionwellabovethech~rdplaneofthewingandto incor-
poratebothvariabletailincidencesd an elevator.Theresultsindi-
catedthatan external-flowjet-a-nted flapappliedtoexistingJet
transportandbomberairplaneswithpod-mountedengineswouldproduce
liftcoefficientsofabout3 fortake-off(thrust-weightratioof0.25)

--

andliftcoefficientsofabout5 forlanding(thrust-weightratioof
0.40). Theseliftcoefficientswouldprotidesubstantialreductionsin
take-offandI_sdingspeedsanddistances.

INTRODUCTION
.

RecentinvestigationsinGreatBritain(refs.
s (ref.3), andin thiscountry(refs.4 and~)have

thejetflap,a schemeinwhichallthepropulsive

1 and2),inFrance
indicatedpramisefor
jetisdeflected
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downwardthrougha narrowfull-spannozzleat thetrailingedgeofthe
*

wingto-produceveryhighliftcoefficients.On thebasisofthe
promisingresultsobtainedintheseinvestigations,a studywasrecently F
undertakenby theLangleyFreeFlightTunnelSectionoftheNational
AdvisoryCcmmitteeforAeronauticstoestablishtheconfigurationofa
free-flyingmodelincorporatinga Jetflapforaninvestigationofthe
stabilityandcontrolat thehighliftcoefficientsthatcanbe obtained
withsuchflaparrangements.

At anearlystageinthispreliminarydesignstudy,a newtypeof
jetflapwhichmightbe appliedmoreeasilyto jettransporta.ndbomber
airplaneswithpod-mountedengineswas”conceived.Inthisarrangement,
calledan external-flowjet-augmentedslottedflap(incontrasttothe

—

internal-flowjetflap),thejetfroma pod-mountedengineis directed
towardthebaseofa slottedflapwhichdeflectsthejetdownwardinthe

—

formofa flattenedjetsheet.Inonefoiinofthisarrangement,a —
retractabledeflectorat theenginetailpipecanbeusedtodeflectthe
jettoward.theflapandat thesametimeproducesme flatteningof the ‘:
jet. Forcruisingflight,boththedeflectorandtheflapwouldbe
retractedsothattheairplanewouldbe a-conventionalpod-engineconfig-
uration.Fortake-off,thedeflectorandflapwouldnotbe extended

—
F

untiltheairplanehasacceleratedalmost-tothetake-offspeed.

Oneof theobviousproblemswhich.willbe encounteredwithanyjet- -
flapor jet-augmented-flaparrangementwlxkhutilizeshotexhaustgases
of jetenginesisthatof thehightemperatures.Withthisparticular
external-flowarrar@ement,hightemperaturesandhighlocalizedloads
willbe experiencedoiixtherearportion-ofthewingandovertheflaps”.
It isbelievedthatthesehightemperaturesandstructuralproblemscan
be solvedby theuseofexistingmateriak”andfabricationtechniques.

.

Sincetheinherentstiplicityof theexternal-flowjet-augme~ted
flapmadeitappearpromising,a briefforce-testinvestigationwas
undertakenta determinewhetheritsperformancewouldcloselyapproach
thatoftheinternal-flowtypeofjetflapreportedinreferences1 to5.
Theinvestigationincludedforceteststa determinethelift,drag,and
pitchingmomentsofanaspect-ratio-6unsweptwingwithsimplecompressed-
airnozzlesattachedtothelowersurfacetorepresentpod-mountedjet
engines.Testsweremadewithbothplainandslottedflapsatvarious
deflectionsandtheresultsobtainedwerecomparedwithdatafrom
reference5.

..

Alsoincludedinthisinvestigationweretestsofa jetbcmberor
transportconfigurationhavinga 30°sweptbackwingofaspectratio6.6
andequippedwithvariousarrangementsofpod-mountedengines.Tests ..

weremadeof thesweptwingalone,oftwowing-fuselagecombinations,
andofthecompletemodelwithseveraldifferenthorizontal-tail
arrangements.Someofthedataobtainedwereusedtomakeestimatesof

*
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thereductiotiin take-offandlandingspeedsthattightbe achievedby
theuseofan external-flowjet-au@entedflaponJettransportorboniber
configurationshatingpod-mountedengines.

sYMlmLs

IMtafortheunsweptandsweptwingsarereferredtoa centerof
gravitylocatedat0.25meanaerodynamicchordandonthechordplaneof
theW*O Thedataforthesweptback-wingtransportmodelsrereferred
toa centerofgravitylocatedonthereferencelineofthefuselageand
at0.25orO.@ meanaerodynamicchord.

s wingarea, sq ft

t? meanaerodynamic

v velocity,lmots

chord,ft

P

w

T

a

%

CL

CP
CD

%
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thrust,lb
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pitchingmoment,ft-lb
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pitching-nnnentcoefficient,My/qse
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P
St horizontal-tailarea,sqft

it incidenceofhorizontaltail,deg

bf flapdeflection,perpendiculartoflaphingeline,deg

cL,r Jetcirculationliftcoefficient,CL

Thesubscripts0.25
percentmeanaerodynamic

andO.@ denotemoment
chord.

- (%)C&o - CV sin(a+~f)

referencelocationin

APPARATUSANDMODELS

TheinvestigationwasconductedintheLangleyfull-scaletumnel.
Alltestswere=de witha verticalstrut-supportsystemandstrain-gage _
balances.Thetestsetupwaslocatedin thefcrwardportion ofthetest
sectionnearthelowerlipoftheentrancecone.

.
A drawingof theunsweptwingtested.inthisinvestigationisshown

infigure1 anddimensionalcharacteristicsarepresentedintableI.
Theaspectratioof thiswingwas6 andtheairfoilsectionwasNACA0012 -“
at therootandtip. Theunswept-wingarrangementwas-arathercrudesetup
usedinthepreliminaryevaluationoftheexternal-flowjet-augmentedflap.
Pod-moizntedengineswere simulatedby eightsimplenozzleswhichwere
spacedequallyalongthespanof thewing>andtheairjetswereflattened —
anddirectedtowardthebaseof theflapby flat-platedeflectors.Cold
airjetswereusedto simulatethejet-engineexhaust.Compressedairwas
suppliedtoeachnozzlethroughflexiblehoseswhichwereattachedexter-
nallyforthetestsmadewiththeunsweptwing. Theunsweptwingwas
testedwitha plainflapanda slotted.flap.(Seefig.1.)

Thevariousconfigurationsofthesweptback-wingjettransportor
bombermodelusedintheinvestigationareshowninfigures2 and3 and —

dimensionalcharacteristicsaregivenintable1. Thewingofthemodel
had30°sweepofthequarterchord,anaspectratioof6.62,anda taper
ratioof0.367.TheairfoilsectionwasNACA651-414at therootand
NACA65-hIoatthetip. Sixnacelleswereattachedtothewingonpylons
tosimulatepod-mountedengines.Thesenacellescouldbe locatedat
variouspositionsovertheinboardtwo-thirdsofthespanandcouldbe
testedingroupsof2, 4, or6. Compressedairwassuppliedtoeach
nacelleby flexiblehosespassedinternallythroughthefuselageandwing.““ .-

A detaildrawingofthejet-flaparr~ementusedontheswept-wing
modelisshowninfigure4. Fortake-offaudlanding,thejetsfrcmthe
pod-mountedenginesarespreadoutintoa horizontalsheetby retractable

“
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deflectorsanddirectedtowardthebaseofa slottedflapwhichthenturns
theflattenedjetsheetdownward.Anotherconfigurationusedonthe
modelwasoneinwhichno deflectorwasusedandthetailpipewastilted
todirectthejettowardthebottomsurfaceof thewingnearthebaseof
theflap. Thefull-spanslottedflapwashingedonthebottcmsurfaceof
thewingsothata smoothfairingwasobtainedbetweenthewingandflap
forallflapdeflections.Withtheflapdeflected,theupperlipofthe
slotwasaliuedwiththelowersurfaceofthewing.

TESTS

Preliminarytestsat an angleofattackof0°weremadetodetermine
thelift,drag,.sndpitchingmomentsof theunsweptwingaloneinorder
toevaluatetheexternal-flowjet-augmentedflaparrangement.These
testsweremadeatmomentumcoefficientsup toabout8 forplainand
slottedflapconfiguratioru.

On thebasisof thefavorableresultsobtainedwiththeunsweptwing
alone,testsweremadeatan angleof attackof0° to determinetheaero-
dynamicC-aCt!?riStiCSoftheswept-wingjettransportmodel.!I!hlsmodel
wastestedin=ious configurationswhichincludedthewingalonewith
eithertwoor sixjetsandthewingin combinationwitha fuselsgein
bothhigh-andlow-wingarrangements.

Longitudinalstabilityandtrimtestsweremde overanangle-of-
attackrangefrom-80to12°forthehigh-wingtwo-jetconfiguration.
Thesetestsweremadeforthemodelwithtwohorizontaltailsofdifferent
sizeandfortwodifferentlocationsofthehorizontaltailontheverti-
caltail.Forsometests,thehorizontaltailwasequippedwithleading-
edgeandtraildng-edgeflaps.

Allthetestsin thisinvestigationweremadeat a dynamicpressure ,
ofabout1.6poundspersquarefootwldchcorrespondstoa velocityof
about21.8knotsandtoa Reynoldsmnnberrangeofabout160,000to
170,0CXlbasedonthemeanaerodynamicchordsof thewingstested.

REDUCTION6FDATA
#

Nowind-tunnelcorrectionshavebeenappliedto thedatasincethe
modelwasrelativelysmallcomparedwiththesizeofthetunneltest
section.

ThecoefficientCy usedin thisreportis definedas T/qS where
T isthemeasuredthrustat thenozzlewhichrepresentsthetailpipeof
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a jetengine.Thiscoefficientisapproximatelyequivalenttothe
mcinentumcoefficientCV whichhasbeenusedinboundary-layer-control
investigationsandinthejet-flapinvestigationsreportedinrefer-
ences4 and5. Thevaluesofthrustusedinestablishingthiscoeffi-
cientwereobtainedfromforcemea.suxementsmadeduringstaticcalibra-
tionsofthecruisingconfiguration(flapsanddeflectorsretractid)and
ofthelandingconfiguration(flapsanddeflectorsextended).Ccmparlson
ofthecalibrationdatiforthesetwoconditionsindicatedthatthelosses
causedby spreadinganddeflectingthejetwereabout20percentforthe
40°andX“ flapdeflections,25percentforthe60°flapdeflection,and
X percentforthe70°deflection.Forcasesinwhichthestaticcalibra-

‘ tionwasmadeonlyinthelandingconfiguration,itwasnecessarytoapply
thesecorrectionstothethrustmeasurementstoobtainthethrustat the
nozzleinordertoestablishCW.

“

RESULTSANDDISCUSSION

UnsweptWings
.

Jet-augmentedplainflap.-Inthepreliminaryevaluationofthe
external-flowjet-a~entedflap,testswerefirstmadeonanaspect-
ratio-6unsweptwinghavinga 25-percent-chordplainflap(fig.1). The F
jetsfromeightsimulatedpod-mountedengitieslocatedequallyalongthe
spanwerespreadoutby deflectorssmddirectedtowardthebaseofa
plainflapwhichdeflectedthejetdownward.Theresultsoftestsof
thisarrangementarepresentedinfigure5. Inordertoaidinthe
evaluationoftheeffectivenessof thisarrangement,theverticalcom-
ponentofthethrustleavingtheflap,calledthereactionlift
CV sin(a+ ~f),andtheliftat CM. 0 havealsobeenplottedinfig-
ure5 forthe60°flapdeflection.Thejet-inducedorcirculation
lift cL,r canbe takenas thedifferencebetweenthetotalliftand —
thesumof theliftat Cw = O andthereactionlift.This’procedure
forobtainingcirculationliftissimilartothatpresentedinreference4
but,aspointedoutinthatreference,Sucha proceduregivesvaluesof
circulationliftthatareactuallysomewhatsmallerthanthetruevalues.
Thedataoffigure5 showthatthggreaterpartof thetotalliftinthis
casewasthereactioncomponentCV sina + ~f( )

butthatsomecirculation
liftwasobtained.

Jet-augmentedslottedflap.-Inordertodeterminewhethermorecir-
culationliftcouldbe obtainediftheflattenedJetsheetweremadeto
passthrougha slotandoverthebacksideoftheflap,theaspect-ratio-6

“

unsweptwingwasequippedwitha slottedflapas showninfigure1. The
dataobtainedwiththisarrangementareshowninfigure6. Thesedata .
indicatethat,forthesameflapdeflection,thecirculationliftforthe
slottedflapwasabouttwicethatobtainedfortheplainflap. —



7

Comparisenof jetflaps.-.Thevaluesofcirculationliftforthejet-
a-nted plainandslottedflapconfigurationsfor60°flapdeflection
plottedagainstCV arepresentedinfigure7. Forcomparison,corre-
spondingdataforan internal-flowjetflaptakenfromfigure4 ofref-
erence5 srealsoshowninfigure7. Thesedatashowthattheexternal-
flowjet-augmentedflapisnotaseffectiveinproducingliftas the
internal-flowjetflapbut,intheslotted-flaparrangement,itproduces
valuesofcirculationliftthatarelargeenoughtowarrantitsconsidera-
tionforuseonairplaneswithpod-mountedengines.

SweptWings

Effectof sweep.-Datafromtestsofthesweptandunsweptwings
alonewiththeexternal-flowjet-augmentedslottedflaparepresentedin
figure8. The sweptwingusedforthesetestshad~“ sweepofthe
quarterchord,anaspectratioof6.6,andwasequippedwithsixpod-
mountedenginesas showninfigure2. A crosssectionofthiswingcon-
figurationshowingthepod-mountedengine,deflectorplate,andslotted
flapisgiveninfigure4. No dataarepresentedfortheconfiguration
inwhichthetailpipewastiltedto directthejettowardthebaseof
theflap. Theresultsobtainedfromthefewtestsmadewiththiscon-
figurationwereingeneralagreementtiththeresultsobtainedwiththe
deflectorarrangementoffigure4. A comparisonof thedataoffigure8
showthatfora flapdeflectionof60°thesweptwinggaveslightlyless
liftcoefficientandnegativepitchingmoment.Thereductioninpitcbhg-
mommt coefficientisattributedtothedecreasein distancefromthe
centerofpressureoftheflaploadto theaerodynamiccenterofthewing,
whichwasbroughtaboutby theinbosrdlocationofthejetson theswept
wing. Thevariationsof drsgcoefficientforthetwowingsshowthessme
generalformalthoughtheunsweptwinghadhighervalues.

Comparisonof two-jetsndsix-~etarrangements.-Dataobtainedfrom
testsof thesweptwingaloneto showa comparisonofthetwo-jetandsix-

—

jetarrangementsarepresentedinfigure9. Thespanwi.sepositionof the
jetsinthetwo-jetarrangementwashalfwaybetweentheinboardandmiddle
positionsof thesix-jetconfiguration.Thedataoffigure9 showthat
thetwo-jetconfigurationgavealmostasmuchliftfora givenvalueof
Cw as thesix-jetconfigurationandprovideda furtherreductionin
pitchingmoment.

Effectofflapdeflecti.on.-Theeffectofflapdeflectiononthe
aerodynamiccharacteristicsofthecompletemodelispresentedinfig-
ure10forthesix-jetconfigurationandinfigure11forthetwo-jet
configuration.Thesedatashoweffectsofflapdeflectionsimilarto
thosedeterminedinthetestsof theinternal-flowjetflapofrefer-
ence4; thatis,therewasan increasein Hft coefficientandnegative
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pitching-momentcoefficientas theflapdeflectionincreased.Thelarge
negativedrag(orthrust)obtainedat thesmallerflapdeflectionswas
reducedas theflapanglesincreasedbecauseof thedragofthewing
witha flapandthedecreaseinthehorizontalcomponentofthethrust.

.

—
.

.—

Effectofwingposition.-Inorder,toqtqdytheeffectofwingposi-
tionon theliftproducedby thejet-augmentedflap,testsweremadewith
thesweptwingmountedina lowandhighpositionona fuselage.These
testsweremadewiththehorizontaltailoffto isolatetheeffectsof
wing-fuselageinterference.Thedda fromthesetests,presehtedinfig-
ureW, showthatthehigh-wingconfigurationgaveaboutthessmeliftas
thewingalone.Thelow-wing cmfigura’ticm shorn a considerable loss in _ . _
liftapparentlybecauseofa largewing-fuselageinterference.This
lossin liftevidentlyoccursovertheinbotidportionofthewingsince
itresultsina rearwardshiftintheflapcenterofpressureas indicated
by theincreaseinnegativepitchingmoment.Itispossiblethatimproving
thewing-fuselagejuncturewouldbringthe.d@taforthelowwinginto

—

betteragreementwiththedataforthehighwing. —

LongitudinalStabilityandTrim .

Thedataobtainedforthelongitudinalstabilityandtrimstudyare
presentedinfigures13ta16andaresumarizedinfigures17,18,and P

19. Thebasicdataweremeasuredoveranangle-of-attackrange from -8°
to12°andfora flapdeflectionof60°. TIE600flapdeflectionwas
chosenforthestabilityandtrimstudybecausetherangeofflapangles
requiredforzerodragorsteadylevelflightissomewherenearthis
valueforexistingjettransportandbomber.airplanes.

—
Allthepitching-

momentdatapresentedinthissectionwe referredtoa center-of-gravity
locationof@ percentofthemeanaerodjnaiiicchordonthelmsisof the
followingreasoning:H thecenterof~avityislocatedat25percent
ofthemeanaerodynamicchordwhichhasbeenusedas a referencepointfor
alltheforegoingdata,anunreasonablylargehorizontaltailisrequired
to trimoutthepitchingmomentproducedby thejetflap.Sucha large
tailwillmovetheaerodynsd.ccentersofarrearwardthattheairplane
wouldhaveanunnecessarilylargestaticlongitudinalstability.Obviously,
thepropercourseistousea somewhatlargertailthanthatofa conven-
tionalairplane.Fromtheuseofthislargertaila nmrerearwardaerody-
nsmi.ccenterwouldresultsothatthecenterofgratitycouldbelocatedin
a morerearwardposition;thus,theamountofpitchingmomentwhichmustbe
trimnedoutwouldbereduced.Saneprelimiiiaryanalysisofthedataindi-
catedthata reasonablerelationshipofthestability,trim,andhorizontal-
tailsizecouldbeobtainedwiththecenterofgravitylocatedat@ per-
centofthemeanaerodyriamic”chord.

.-
Therefore,thedataarereferredto

thispointforconvenienceinanalysis.
8
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Themodelusedforthisstudywasthetwo-jethigh-wingconfigura-
tionshowninfigure3(b).Thisconfigurationwastestedwithtwodif-
ferentsizehorizontaltails(St/S= O.1~and0.34)andwithtwodifferent
locationsof thehorizontaltail.ontheverticaltail.Onelocationwas
atthebaseoftheverticaltail(designatedlow-tailposition)andthe
otherat thetopoftheverticaltail(designatedhigh-tailposition).
Includedin thisstudywastheeffectoftailhigh-liftdevicesonthe
longitudinalstabilityandtrimcharacteristics.

Althoughtheseresultswereobtainedwithanexternal-flowjet-
a~ented flaparrangement,itisfeltthattheyaregenersllyapplicable
toconfigurationswithother.jet-flaparrangements.

Tail-offConfiguration.-Thedataforthetail-offconfigurationare
presentedinfigure13. Thesedatashowthattheinstabilityofthemodel
decreasesas % increases.Thisvsriationin stabilitywith CW is
similartothat-shownin reference2 andisapparentlyassociated”with
theincreasein lift-curveslopeofthewingsndthedelayin stallangle
obtainedat thehighervaluesof Cp.

A comparisonofthehigh-wingdataof figure13tiththedataof
figure12forsuangleofattackof0° showsscanewhatlowervaluesof CL
infigure13forgivenvaluesof CV. Thereasonforthisdifferenceis
notknownbutitmaybe relatedtothefactthat,duringthetimebetween
therunningof thetwosetsof tests,themodelwascompletelydismantled
andvariouspartsofthemodelhadbeenusedinotherinvestigations.
Whenthemodelwasreassembledforthestabilitystu&Les,thewhg sur-
faceswererougherandthegeometriccharacteristicsoftheslotwere
probablydifferentfromthatusedintheeuliertests.Unpublisheddata
forthelow-wingmodelintheroughconditionalsoshowedvaluesof ~

whichwerelowerthanthoseshownfortheearlierlow-wingdataoffig-
ureH. Theliftdatashowninfigure13 are therefore consideredtobe
scmewhatconservative.

Low-tailposition.-Dataobtainedforthemcd.dwiththesmalland
largetailsinthelowpositionarepresentedinfigure14. Ingeneral,
as Cv isincreased,thepitchingmomentsbeccmemorenegativeamdthe
staticstabilitydecreases;thisconditionresultsininstabilityover
mostofthelift-coefficientrange.As a result,eventhelargehori-
zontaltaildoesnotprovidebothtrimandstabilityat thehigherlift
coefficients.Thedataoffigure14(c)showthatthemodelwiththe
largetailatanangleof incidenceof0°wastrtiedbutwaslongitudi-
nallystableonlyat thelowerliftcoefficients.

mgll-tailposition.-Inan efforttoincreasethelongitudinalsta-
bilitybyplacingthetailina morefavorabledownwashfield,the
horizontaltailwasmovedtothetopof theverticaltail.Thedatafor
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.

thisconfigurationarepresentedinfi~e 15. Ingeneral,thesedata
showan increasein stabilityfora givenconfigurationingoingfrom
thelowtail(fig.14)tathehightail(fig.15). Themodel tith
eithertailatan incidenceof10°waslongitudinallystibleovermost
ofthelift-coefficientrangebutwasstilluntrimned.

High-1iftdevicesontail.-AnELlysisofthedataoffigures14and
15 indicatedthatthelowtrlmningpowerof thehorizontaltailcouldbe
attributedtoa relativelylowmaximumliftcoefficientofthetailwhich
resultedfromthelowscaleofthetests.Inordertoincreasethemaxi-
mumliftcoefficientofthetail,leading-edgeandtrailing-edgeflaps
wereinstalledonthetails(seefig.3(b))andtestsweremadewiththe
tailsin thehighposition.Itisfeltthatthemaximumliftcoefficient
ofthetailwiththeleading-edgeflapintheselow-scaletestswouldbe
approximatelythesaneasthatobtainedatfullscalewithoutleading-
edgeflaps.Thedataobtainedwiththisarrangement,presentedinfig-
ure16,indicatethatthesmall.tailwasnotadequateforstabilityand
trimbutthatthelargetailwasmorethanadequate.

Horizontal-tailarearequired.-In ordertoindicatethesizeof the
horizontaltailrequiredforlongitudinalstabilityandtrimatlift
coefficientsaround5 or6,someofthedataoffigures13 to16have
beenreplottedinftgures17to 19. Thepitching-mmentcurvesforvari-
oustailconfigurationsforvaluesof CV of2.20and2.95arepresented
infigure17. Tailpitching-momentincrementsforthe.sameconditions
areshowninfigure18. Thedatafromthesetwofigureshavebeencross-
plottedagainstSt/S andarepresentedinfigure19. Thedataof fig-
ure 19 indicatethata horizontal-tailareaequalto25percentofthe
wingareaprotidedadequatelongitudinal.tq?tiwitha static mg~ of
about6 to8 percent.Inordertoachievethisresult,itwasnecessary
tolocatethehorizontaltailina positionwellabovethechordplaneof
thewingsmdtoincorporatebothvariableincidenceandan elevator.In
thisinvestigationelevatorsweresimulatedbytrailing-edgesplitflaps.

Flap-upconfiguration.-Inordertodeterminethelongitudinalsta-
bilityof thehigh-wing,high-tailmodel-withtheflapup,testswere
madeoveranangle-of-attackrangewithzerothrust.Thedatafromthese
tests,presentedinfigure20,showthatthemodelhadabout10percent
staticmarginwiththesmalltailandabout@ percentstaticmarginwith
thelmge tailfora center.-of-gravitylocationat@ percentofthemean
aerodynamicchord.Interpolationoftheseresultsin~catesthatthe
horizontal-tailareaequalto25percentofthewingareawouldprovide
about25percentstaticmarginfortheflap-~condition.

.

v

.

.

.

.
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EstimatedTake-OffandLandingPerformance

Beforemakingestimatesofthetake-offandlandingperformanceof
anairplanewithanexternal-flowjet-augmentedflap,itisnecessaryto
considerthethrustlostin spreadinganddeflectingthejet. AS stated
preciouslyallthedatapresentedheretiforflapdeflectionsof 60°have
beencorrectedby a factorof25percent(dete@nedfromstaticcalibra-
tions)toallowforthis10ss. It isbelieved,however,thatin a refined
full-scaleapplicationtheselossesmightbe lessthanthosedetemninedin
thesmall-scaletestsofthepresentinvestigation.Inorderto indicate
theeffectsoftheselossesonperformance,theliftdatausedinperform-
anceestimatesarepresentedforno thrustlossaswellas forthe
25-percentloss. Itisfeltthatinactualairplaneappl.icatimsthe
lossescausedby spreadinganddeflectingthejetwillfallsomewhere
betweenthesetwovalues.

Presentedinfigure21 ‘&reW?t dataforthehigh-wing,high-tail
mdel whichisa stableandtrirmnedconfiguration.Thedashedlines
representthrust-weightratiosof0.1,0.2,0.3,0.4,and1.0. The
intersectionsof thedashedsndsolidlinesdeterminetheliftcoefficient
availablefora giventhrust-weightratio.Thesedata,whichweretaken
fromfigure16,wereobtainedfora flapdeflectionof60°. Withthis
flapdeflection,zerodragisobtainedata fairlyhighliftcoefficient
representativeof thelandingcondition.Fortake-off,a lowerfkp
deflectionwouldbe requiredtoobtainzero(ornegative)dragatthe
lowerliftcoefficientsthatcouldbe obtainedinthiscondition.The
dataoffigure10indicatethatreducingtheflapdeflectionfrom60°
to 50°providesa substantialincreaseinthrustwithouta largeloss
inlift.Forthepurposeoftheseroughpreliminarycalculations, there-
fore,thedataoffigure21willbe usedto calculatetake-offspeeds
aswellas landingspeeds.

Thedataoffigure21srereplottedinfigure22 in termsoflift
coefficientagainstthrust-weightratio.Theuppertwocurvesarethe
datafortheJet-a-nted flapconfigurationandthelowercurve
representstheliftavailablewiththejetthrustdirecteddownwardfor
directlift(notto supplya jet-a~entedflap).Comparisonof these
dataatanygiventhrust-weightratioindicatesthatthejet-augmented
flapmskesmuchmoreefficientuseoftheavailablejetthrust.Symbols
havebeenplottedonthejet-augmentedflapcurvesat averagevaluesof
thrust-weightratioforcurrentjettransportandjetbomberdesigns.
Thevalueof thrust-weightratiofortake-offestimateswas0.25andgives
liftcoefficientsofabout3 to3.5. Thevalueofthrust-weightratioused
forlsndingestimateswas0.40andgivesliftcoefficientsofabout4.5 to
5079‘~ese liftcoefficientswerewed to determinetheminimumtake-off
andlandingspeedsforassumedwingloadingsof 11.Oto70poundspersquare
footandtheresultssrepresentedinfigure23.
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Theresultsoffigure23 showthatthelandingspeedwiththejet-
,

augnentedflapisabout60knotscomparedwitha speedofabout100knots
withoutthe~et-a~entedflap.Therightsideoftheplotshowsthat
thetake-offspeedwiththeJet-augmentedflapisaboutI(XJknotscompared “
witha speedofabout170hoti withoutthe~et-a~entedflap.Allthe
take-offandlandingspeedsshmm infigure23 are forsteadyflightand
aretheminimumspeedsfortheconditionsassumed.Inallcases,the
operationalspeedsina practicalapplica~ionwouldbe somewhathigher. —

Thesereductionsinminimumspeedleadtolargeimprovementsintake-
offand-landingdistancebecausethesedistincesvaryroughlyas thesquare
of thespeed.Basedontheliftcoefficientsshowninfigure23,itis
estimatedforexistingjettransportandbomberairplanesthatthelanding
andtske-offdistancescouldbe cutapproximatelyinhalf. Thesereduc-
tionsintake-offandlandingspeedanddistancewerecalculatedon the
assumptionthatthefullinstalledthrustoftheengineswillbe available.
Theextenttowhichthesevaluescs.nber=alizedinactuslpracticewill
dependuponthenmnberofenginesandt~-extenttowhichtheycanbe
relieduponduringtake-offsandlandings-.Anotherfactorwhichshouldbe
consideredindetailedcalculationsoftake-offandlandingperformanceis
theeffectofgroundinterference.Theresultsofreference1 andcertain
unpublisheddatahaveindicatedthatsucheffectscanbe appreciable
especiallyforlow-wingconfigurations.

.

.

SUMMARYOFRESULTS

Theresultsof thewind-tunnelinvestigationoftheexternal-flow
jet-augmentedslottedflapmaybe summarizedasfollows:

1.Theexternal-flow~et-a~entedflapproducedvaluesofcirculation
liftlargeenoughtowarrantseriousconsiderationofitsuseforincreas~ —
themaximumliftcoefficientsofairplaneswithpod-mountedjetengines.
Thisjetflap,however,wasnotaseffectiveinproducingcirculationli”fi-
as theinternal-flowjetflap.

2. Theresultsindicatedthatstaticlongitudinalstabilityandtrim
up taliftcoefficientsofatleast6 cofidbeachievedwitha JetTr~-
portorbomber--airplaneequippedwitha jet-augmentedflap~d havinga
horizontal-tailareaequalto25percentofthewingarea. Inorderto
achievethisresult,itwasnecessaryto locatethehorizontaltailina
positionwellabovethechordplaneofthewingandtoincorporateboth
variableincidenceandanelevator.

3.Theresultsindicatedthatanexternal-flowjet-augmentedflap -
appliedtoexistingjettransportandbcmiberairplaneswithpod-mounted

.—
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engineswouldproduceliftcoefficientsofabout3 fortake-off(thrust-
weightratioof0.25)andliftcoefficientsofabout5 forlanding(thrust-

. weightratioof0.40).Theseliftcoefficientswouldprovidesubstantial
reductions in tske-offandlandingspeedsanddistaucesifthefull.
installedthrustoftheenginesisavailable.Theexbentofthereduc-

—

tions whichcazibe realizedinactualpracticewilldependuponthenumber
of engines- thewent towhichtheycanbe relieduponduringtake-
offssmdlandings.

LangleyAeronauticalLaboratory,
NationalAdvisowCcmunitteeforAeronautics,

LangleyField,Va.,September14,1956.
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Figure3.- ‘I!wo-Jetarrangementsoftheswept-wingjettrsnsportmodel.
Geometriccharacteristicsofmodelme thesameasthoseoffigure2
exceptasnoted.Alldimensionsareininches.
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slotted flap (c~culations based on lift data of fig. 22). 3’


